INTRODUCTION {#sec1-1}
============

Obstructive sleep apnea (OSA) is characterised by successive episodes of cessation or decrease in respiratory airflow. OSA is closely associated with obesity, its incidence is known to increase with increase in body mass index (BMI). OSA induces alveolar hypoventilation and respiratory insufficiency and thereby contributes to the development of pulmonary hypertension and cor pulmonale. Other notable health hazards of OSA include premature death, sudden death from cardiac causes and traffic accidents.\[[@ref1]\] As OSA increases the likelihood of adverse events in post-operative period, diagnosing and treating this condition forms an integral part of pre-operative workup of morbidly obese patients undergoing bariatric surgery.\[[@ref2]\]

OSA is suspected on the basis of characteristic history (snoring and daytime sleepiness) and physical examination (increased neck circumference); however, overnight polysomnography is needed to confirm the diagnosis. Treatment of OSA includes weight loss and administration of continuous positive airway pressure (CPAP) therapy.\[[@ref1]\]

Weight loss by non-surgical means is non-satisfactory and non-sustainable, while bariatric surgery has been proven to be the most effective mean for durable weight loss. In addition to weight loss, bariatric surgery results in cure or improvement of OSA in a significant proportion of patients.\[[@ref3]\] However, there is a paucity of data from Indian subcontinent regarding outcome of bariatric surgery on OSA. This study was conducted to assess the short-term outcome of bariatric surgery on OSA.

METHODS {#sec1-2}
=======

This study was approved by our Institutional Review Board, and all the patients included gave informed written consent for their participation in the study.

Patient population {#sec2-1}
------------------

Twenty-seven morbidly obese patients who underwent bariatric surgery during October 2012 to October 2013 were included in this study. All patients underwent a detailed pre-operative evaluation by a dedicated multidisciplinary bariatric team.

Epworth Sleepiness Scale {#sec2-2}
------------------------

A health questionnaire known as Epworth Sleepiness Scale (ESS) was administered to measure daytime somnolence. This validated scoring system measures the tendency to fall asleep during the day and distinguishes patients with OSA from those with primary snoring. Patients rated their tendency to fall asleep on eight items with ratings from 0 to 3, where 0 indicated no chance of dozing and 3 indicated a high chance of dozing during the activity. Thus, scores could range from 0 to 24 with higher scores indicating more sleepiness. An ESS score \>10 was considered as indicative of the presence of excessive daytime sleepiness.\[[@ref4][@ref5]\]

Polysomnography {#sec2-3}
---------------

Irrespective of ESS scores, all patients were subjected to polysomnography. Standard overnight polysomnography was performed at the sleep laboratory of our institution using Alice 5 Acquisition System (USA). Sleep was recorded using central and occipital electroencephalographic leads, bilateral electro-oculogram and a submental electromyogram (EMG). Respiration was monitored using continuous pulse oximetry, a snoring microphone, a nasal pressure transducer, oral and nasal thermistors and chest and abdominal piezo electrodes. Heart rate was continually monitored using a modified V2 lead; bilateral anterior tibialis EMG leads were used to detect periodic limb movements.

All records were visually scored in 30 s epochs using Rechtschaffen and Kales criteria.\[[@ref6]\] Respiratory events were scored according to 'American Association of Sleep Medicine 2007'. Apnoea and hypopnea events and the apnoea--hypopnea index (AHI) were defined according to the recommendations of the American Academy of Sleep.\[[@ref7]\] The severity of OSA was defined by AHI, where a frequency of 5--15 events/hour was considered mild, \>15--30 as moderate and \>30 events/hour as severe. OSA was considered absent when AHI was \<5 events/hour. Improvement was defined as decrease in AHI accompanied by a decrease in the severity of the disease. Failure was considered when there was no decrease in AHI.

Bariatric surgery {#sec2-4}
-----------------

The operative procedures offered to patients were laparoscopic sleeve gastrectomy and laparoscopic gastric bypass. Selection of operative procedure was performed in consultation with the patient after discussing in detail pros and cons of each procedure. These operations were carried out using the standard technique.

Follow-up {#sec2-5}
---------

Patients were called for follow-up at 3--6 months after surgery. At this time, change in weight, BMI and % excess weight loss was documented and all were administered ESS questionnaire. Overnight polysomnography was carried out in all patients and CPAP titration if required.

Statistical analysis {#sec2-6}
--------------------

Normally distributed variables were described as means and standard deviations. Categorical variables were given in numbers and percentages. Quantitative data were compared using Student\'s *t*-test for paired samples. Correlations were studied by Spearman\'s correlation coefficient. *P* \< 0.05 was considered statistically significant. Data were analysed using IBM SPSS Statistics 20 (SPSS, Chicago, IL, USA).

RESULTS {#sec1-3}
=======

Mean age of the study population was 42.4 ± 10.5 years and majority of patients (77.8%) were female. The mean preoperative weight and BMI of study population were 126.4 ± 24.9 kg and 48.4 ± 8.2 kg/m^2^, respectively.

Bariatric surgery {#sec2-7}
-----------------

Laparoscopic sleeve gastrectomy was the predominant bariatric procedure performed in 22 patients (81.5%) and the remaining 5 patients (18.5%) underwent laparoscopic Roux-en-Y gastric bypass. The perioperative period was uneventful with no major complication seen in any of the patients. All patients were extubated in the operative room after conclusion of the operative procedure. No major cardiopulmonary event was encountered in the post-operative setting and none required intensive care unit care.

Epworth Sleepiness Scale {#sec2-8}
------------------------

On pre-operative assessment, the mean ESS score was 8.9 ± 3.2. Excessive daytime somnolence was considered to be present if ESS score \>10. Based on ESS score, only eight patients (29.6%) had excessive daytime somnolence.

Polysomnography {#sec2-9}
---------------

On further evaluation with polysomnography, out of 27 patients, 26 were found to have OSA and mean AHI was 31.8 ± 20.4. Fourteen patients (51.9%) were diagnosed to have severe OSA, six (22.2%) had moderate OSA and another six (22.2%) had mild OSA. Only one (3.7%) patient did not have polysomnographic evidence of OSA.

Fifteen patients were recommended to use CPAP therapy for the management of moderate-to-severe OSA. The mean CPAP level required before surgery was 11.3 ± 3.6 cm of H~2~O (range 5--16 cm of H~2~O).

Follow-up {#sec2-10}
---------

At mean follow-up of 5.2 ± 2.5 months, all patients underwent repeat evaluation by ESS scoring and overnight polysomnography. The change in clinical characteristics, ESS score and polysomnography findings is summarised in [Table 1](#T1){ref-type="table"}. Mean weight and BMI of study population decreased to 107.4 ± 24.5 kg and 41.2 ± 8.2 kg/m^2^, respectively. The decrease in weight and BMI was significant (*P* \< 0.001). The mean AHI in the follow-up period was 20.2 ± 23.1 and the mean ESS score was 4.03 ± 2.15. There was a significant improvement in mean AHI (*P* = 0.007) and ESS (*P* \< 0.001).

###### 

Pre- and post-operative clinical parameters, Epworth Sleepiness Scale score and apnoeahypopnea index after bariatric surgery
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Significant change in the trend of severity of OSA was seen after surgery as depicted in [Figure 1](#F1){ref-type="fig"}. Amongst fourteen patients with severe OSA, one was cured, four downgraded to mild OSA, another four downgraded to moderate OSA and only five patients persisted to have severe OSA. Out of six patients with moderate OSA, two were cured, three downgraded to mild and one upgraded to severe OSA. The one patient who did not have OSA (AHI-2.4) in pre-operative period developed mild OSA (AHI-9.4), and amongst six patients with mild OSA, five were cured while only one had persistent OSA.

![Change in the trend of severity of obstructive sleep apnoea--hypopnea syndrome after bariatric surgery](JMAS-13-291-g002){#F1}

After surgery, only three patients were advised to use CPAP therapy and the mean CPAP pressure requirement decreased significantly to 6 cm.

Correlation {#sec2-11}
-----------

In this study, BMI was not found to correlate with AHI (*P* = 0.526) or ESS score (*P* = 0.332) or the requirement of CPAP levels (*P* = 0.481). However, requirement of CPAP levels correlated significantly with preoperative AHI and ESS scores (*P* = 0.001 and *P* \< 0.001, respectively).

DISCUSSION {#sec1-4}
==========

In this study, overnight polysomnography revealed the presence of OSA in 96.3% patients, whereas only 29.6% patients were found to have symptoms of excessive daytime somnolence. More than 70% patients had moderate-to-severe OSA. This suggests high prevalence of OSA despite the absence of patient-reported symptoms. Similar studies have also reported high prevalence of OSA amongst patients undergoing bariatric surgery ranging between 77% and 88%.\[[@ref8][@ref9]\] Previous studies also have shown a high prevalence of OSA in patients with obesity despite the absence of patient-reported symptoms.\[[@ref10]\] Patients' planning bariatric surgery may under-report symptoms for various reasons. Possible explanation for the low reports of functional impairment is the inability to recognise sleepiness. Cognitive deficits have been well documented in patients with obesity.\[[@ref11]\]

Documentation and optimisation of OSA before bariatric surgery is warranted to minimise untoward consequences of OSA in the post-operative period.\[[@ref12]\] Based on our study, we recommend routine polysomnographic evaluation of all patients undergoing bariatric surgery. It is our routine practice to encourage these patients to lose 5--6 kg weight before bariatric surgery by putting them on very low calorie liquid diet, and application of CPAP device is recommended at least 3--4 weeks before surgery. These two measures result in subjective improvement of OSA before surgery and minimise pulmonary complications after surgery.

Despite the high prevalence of OSA amongst morbidly obese patients undergoing bariatric surgery, correlation between pre-operative BMI and AHI was not statistically significant in this study which could be attributed to small sample size of the study population.

Our data show that weight loss achieved by bariatric surgery provided substantial benefits to morbidly obese patients with OSA reflected by improvement in both subjective parameters and objective parameters. Benefits included significant AHI reductions, reduction or discontinuation of CPAP therapy and improvement in ESS scores reflecting improvement in excessive daytime somnolence. Following bariatric surgery, some patients no longer had sleep apnoea (30%), the majority markedly improved (70%) and only minority (30%) showed no improvement or worsening of OSA. Even when sleep apnoea remains unchanged or worsened, there was an improvement in subjective parameters, measured by ESS scores. All of them (100%) did not show symptoms of excessive daytime somnolence after surgery.

Haines *et al*. evaluated 349 patients undergoing bariatric surgery with preoperative polysomnography and 289 (83%) patient had evidence of OSA. Post-operative polysomnography was performed in 101 patients, and at median duration of 11 months, mean respiratory disturbance index (RDI) decreased from 51 ± 4 to 15 ± 2. ESS score decreased from 10 ± 1 to 6 ± 1 after 3 months of surgery. These results are in concordance with our results. However, the follow-up duration in their study was longer which resulted in greater reduction in RDI as compared to our study.\[[@ref3]\] Other authors have also reported similar improvement in OSA after bariatric surgery.\[[@ref13][@ref14][@ref15]\]

Resolution of sleep apnoea is related to improvement in the passage of the upper airway associated with weight loss and reduction of the upper airway fatty tissue. Decrease in visceral adiposity leads to improved diaphragmatic excursion and improved ventilation and oxygenation.\[[@ref16]\] Patients with sleep apnoea and obesity are known to have increased levels of pro-inflammatory cytokines such as interleukin 6 (IL-6) and tumour necrosis factor-alpha (TNF-α). Bariatric surgery results in decrease of IL-6 and other systemic inflammatory markers, whereas it leads to increased anti-inflammatory cytokine such as IL-8.\[[@ref17]\] Level of soluble TNF-α receptor 2 has been found to decrease after bariatric surgery which is an independent predictor of sleep apnoea improvement.\[[@ref18]\]

One of the significant observations in our study was that the improvement in OSA was evident very early after surgery much before the desired weight loss. Similar phenomenon has also been reported by Varela *et al*. and Haines *et al*.\[[@ref3][@ref13]\] Ashrafian *et al*. proposed that metabolic surgery by their BRAVE effect leads to improvement in type 2 diabetes mellitus, insulin resistance and metabolic syndrome.\[[@ref19]\] As OSA and metabolic syndrome are closely interlinked, improvement in metabolic syndrome will lead to early resolution of OSA.\[[@ref20]\]

Few patients in our study had evidence of non-improvement or worsening of AHI despite good weight loss after surgery. As OSA is a multifactorial disease, permanent structural changes in the airway and/or central nervous system structures which cannot be reversed by bariatric surgery may be responsible for non-improvement in OSA despite good weight loss after surgery. This suggests that patient with residual OSA and worsening OSA should be kept on regular follow-up and should undergo repeat polysomnography and treatment with CPAP.

This study has some limitations. We admit that the sample size is small and follow-up duration after surgery is short, post-operative polysomnography was done much before the achievement of desired weight loss after surgery. Weight loss after surgery is gradual and patients often achieve nadir weight at 12--24 months after surgery. It is possible that these patients will have further improvement in their symptoms after subsequent weight loss, and hence the improvement in OSA after surgery could have been underestimated in this study. However, after successful weight loss following bariatric surgery and subjective improvement in the overall quality of life, patients are reluctant to undergo overnight polysomnography. Furthermore, we had consistently noticed that some comorbidity such as type 2 diabetes mellitus and sleep apnoea improve dramatically within 3 months after surgery; hence, we decided to record our results at the end of 3--6 months following surgery. We need to follow these patients longer to document long-term outcomes after surgery.

CONCLUSION {#sec1-5}
==========

Clinically significant OSA was present in \>50% of morbidly obese Indian patients undergoing bariatric surgery. Relying exclusively on patient\'s subjective symptom score for diagnosing OSA can miss a significant proportion of patients with OSA. Hence, routine polysomnography is recommended to document the presence and severity of OSA. Bariatric surgery leads to resolution/improvement of the patient\'s OSA, as measured by AHI and ESS scores. These beneficial effects are evident as early as 3--6 months after surgery. Not all patients will achieve cure in OSA; hence, they should be kept under regular follow-up and post-operative sleep study and repeat CPAP titration should be performed.
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